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SPECIFICATIONS 

1. Title of Invention 

Zinc Electrode for Alkaline Storage Battery 

2. Scope of Claims 

(1) A zinc electrode, for use in an alkali storage battery, which uses a indium - 
thallium - zinc alloy powder as its active material. 

3. Detailed Description of Invention 

(a) Field of Industrial Use 

The present invention is related to a zinc electrode for use in alkaline storage 
batteries such as nickel - zinc storage batteries, silver - zinc storage batteries, or the like. 

(b) Prior Art 

The zinc that is used as the active material in negative electrodes is highly 
beneficial since it possesses a high energy density per weight unit and is relatively 
inexpensive. Nevertheless at the time of discharge, zinc is released into the alkaline 
electrolyte and this becomes zinc ion, and when charged this zinc ion electro crystallizes 



in a dendritic or spongy form on the surface of the zinc electrode. Repeated charges 
separate the electro crystallized zinc from the electrode to produce internal short circuits 
which shorten the cycle life of the battery. 

In order to improve this point, even to the slightest degree, one could control the 
electrolyte to eliminate the free particles therein, thus inhibiting the dissolution of the 
zinc electrode. This improvement would greatly increase the cycle life, but when coarse 
metallic zinc particles are mixed into the active material for the negative electrode, these 
coarse particles become the nucleus for zinc crystallization which in turn causes short 
circuiting with the positive electrode during the cycle. 

The use of a mixture of metallic zinc and zinc oxide with smaller particles as the 
active zinc material is a well known method. Nevertheless, the metallic zinc used in 
prior art has a particle size of several tens to several hundred m and since the particle 
size of the metallic zinc is comparatively larger than the particle size of the zinc oxide, 
the metallic zinc and zinc oxide do not form a uniform mixture. From the get go the 
large particle size of metallic zinc forms dendrites, but the coarse metallic zinc particles 
further hasten the development of dendrites. 

In response to this problem, Japan Patent Publication No. 58 - 58867 proposed 
the use an active material consisting of metallic zinc powder and zinc oxide powder 
with particle diameters defined as 1 to 6 and 0.1 to 0.5 jx respectively. The controlling 
of the particle size prevents the enlarging of the active material crystals during charging 
and discharging while controlling the deformation of the electrode, to reduce the loss of 
capacity and improve the cycle life of the battery. Nevertheless, over the long term of 
the charge and discharge cycle, the regulated zinc particles gradually enlarge and 
concentrate, causing non-uniform electro crystallization and resulting in an internal 
short circuit between the positive and negative electrodes. This limits the improvement 
which can be made to the cycle life of the battery. 

(c) Purpose of Invention 

The purpose of the present invention is to further extend the cycle life of a 
storage battery by inhibiting the enlarging and high densification of the zinc particles. 

(d) The alkaline battery zinc electrode of the present invention is unique in that it 
uses an indium - thallium - zinc alloy powder, consisting of indium, thallium and 
metallic zinc powder, as the its active material, and the metals attached in the alloying 
allow this metallic zinc powder to effectively prevent the enlarging of zinc particles. 
Furthermore, the controlling of the particle size of said metallic zinc powder to between 
1 and 6 \i, ad the controlling of the particle size of the indium - thallium - zinc alloy 
powder to between 0.1 and 0.5 & inhibits the formation of dendrites and extends the 
cycle life of the battery. 

(*) Example Embodiments 

Metallic zinc powder with a particle size between 1 and 6 ^ is stirred and reacted 
in a mixture of 5 to 7% indium acetate solution and 5 to 7% thallium acetate solution for 
10 minutes, then repeatedly rinsed with water 5 to 8 times. Next acetone is added 
thereto then removed, and the mixture is then desiccated to produce indium - thallium - 
zinc alloy particles with 5% by weight indium and thallium added thereto. 



Next, 5 parts by weight of poly tetra fluoro ethylene dispersion (60% 
concentration) and 50 parts by weight water are added to and mixed with a powder 
mixture which contains 100 parts by weight of zinc oxide powder with a particle size of 
between 0.1 and 0.5 ^, 10 parts by weight of the aforementioned indium - thallium - 
zinc alloy powder, and 2 parts by weight of mercurial oxide. The resulting mixture is 
pressure rolled into a sheet, and copper or other conductors are applied by pressure 
rolling and pressure adhesion to both sides to produce the zinc electrode of the present 
invention. Nickel - zinc storage battery (A) is produced by combining this zinc 
electrode and a publicly known sintered nickel electrode. Fig. 1 is a cross sectional 
view of this storage battery. In this Figure, (1) represents the zinc electrode, (2) 
represents the nickel electrode, (3) represents a separator, (4) represents a storage liquid 
layer, (5) represents the battery casing, (6) represents the battery casing lid, and (7) and 
(8) represent the positive and negative electrodes. 

While the several tens to several hundred \i metallic zinc powder as contained in 
the prior art is melted under a reduction atmosphere and sprayed through a nozzle to 
form the electrode, the 1 to 6 |x metallic zinc powder used in the zinc electrode of the 
present invention is melted under a reduction atmosphere, then evaporated and 
condensed to form the electrode. 

For comparison sake, we prepared a nickel - zinc storage battery using the same 
methods as above, by preparing a comparison example zinc electrode using the same 
methods as above but replacing said indium - thallium - zinc alloy particles with a 
metallic zinc with a particle size of between 1 and 6 \i. 

Fig. 2 illustrates the charge and discharge cycle characteristics for storage 
battery (A) which incorporates the zinc electrode of the present invention, and 
comparison storage battery (B), with initial capacity set as 100. The charge and 
discharge conditions called for a five hour charge at 400 mA, and a discharge at 500 
mA until the battery voltage reached 1.0 V, at which point the discharge was 
discontinued. 

According to Fig. 2, the cyclical characteristics of the storage battery 
incorporating the zinc electrode of the present invention (A) showed a significant 
improvement over the cyclical characteristics for comparison battery (B). 

This is because the storage battery which incorporated the zinc electrode of the 
present invention used indium and thallium to effectively prevented the enlarging of 
zinc electrode particles, and inhibit the formation of dendrites, thus increasing the 
hydrogen overvoltage and controlling the electrical discharge. In addition, the indium 
and thallium form a rigid alloy with the zinc so that the indium and thallium do not peel 
or separate from the zinc during the charge and discharge cycle over the long term, 
resulting in a constant cyclical improvement. 

In the Example Embodiment an indium acetate solution and thallium acetate 
solution were used to produce the indium - thallium - zinc alloy, however as long as 
indium and thallium are used, these may otherwise be dissolved in hydrochloric acid or 
the like. 

(e) Effect of Invention 

As explained above, the zinc electrode of the present invention uses an indium - 
thallium - zinc alloy powder as its active material and as such prevents the enlarging of 
active material crystals on the negative electrode caused by the charge and discharge 



cycle, and inhibits the deformation of the zinc electrode. This furthers the cycle life of a 
storage battery which incorporates this zinc electrode, and the present invention has a 
high industrial value. 

4. Brief Description of Drawings 

Fig. 1 is a cross sectional view of the storage battery that uses the zinc electrode 
of the present invention. Fig. 2 compares the cyclical characteristics of the storage 
battery incorporating the zinc electrode of the present invention (A) and the comparison 
battery (B). 

(1) ... Zinc Electrode, (2) ... Nickel Electrode, (3) ... Separator, (4) ... Storage 
Fluid Layer, (5) ... Battery Casing, (6) ... Battery Casing Lid, (7) and (8) ... Positive 
and Negative Electrodes. 

Applicant: Sanyo Electric Co., Ltd. 
Representative: Shizuo Sano, Patent Attorney [Seal] 

Fig. 1 
Fig. 2 

Vertical axis: Capacity (%) 
Horizontal axis: Number of Cycles 
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